Acute renal failure developing in the surgical patient is frequently fatal. The earliest sign of developing renal failure is urine output falling despite an adequate circulating volume. If the same interest were taken in the urine output as in the pulse rate, many lives could be saved.
,Etiology A consideration of the surgical patients who actually develop renal failure and are referred for renal dialysis reveals the main etiological factors (see Table 1 ); often more than one was operating in a particular patient.
The most important factor is a reduction in circulating volume and there seems no doubt that acute tubular necrosis is always preceded by a period of reduced renal blood flow, whether it be due to loss of blood, plasma or water and electrolytes. The presence of circulating pigment is of prime importance in a few patients. In a minority, septic shock clearly precipitates renal failure but, in the majority, it is difficult to decide whether sepsis precedes or succeeds the development of renal failure. Finally, afferent stimuli may contribute to increased renal vascular resistance.
Blood volume deficit: Over twenty-five years ago a careful study of 35 severely shocked patients revealed that, in shock, renal blood flow and the glomerular filtration rate decreased in approximate proportion to the blood volume deficit (Lauson et al. 1944 ). After resuscitation, the blood flow and cardiac output rose quickly to the normal expected values but depression of renal blood flow and acidosis persisted. Investigation of the critically ill has revealed the frequency and importance of metabolic acidosis in shock; acidosis itself increases renal vascular resistance (Connolly et al. 1963) . Laboratory investigations have confirmed this (Van Slyke et al. 1944) ; the arteriovenous oxygen difference in the renal vessels is small and does not alter much in shock, More recently, newer methods of investigation using radioactive gases (Thorburn et al. 1963 ) and the study of tissue oxygen tension have shown that the blood supply and oxygen tension are high in the renal cortex and low in the renal medulla. Although the oxygen tension in the renal vein does not fall much in shock, the oxygen tension in the renal medulla and the urine of the renal pelvis falls abruptly (Leonardt & Landes 1963 , Thureau 1964 . Although these findings might explain the fact that the renal tubules show structural damage in acute renal failure, they do not explain the oliguria of acute renal failure, which is almost certainly due to a reduction in glomerular filtration rate (Flanigan & Oken 1965 ).
Pigment excretion: During the London Blitz it was observed that oliguric renal failure frequently followed in patients who had suffered a period of shock associated with circulating pigment released from crushed muscle (Bywaters & Beall 1941) .
Further work showed that the combination of renal ischaemia and circulating pigment, hamoglobin or myoglobin, resulted in serious renal damage (Corcoran & Page 1945) . This damage is worse in animals dehydrated beforetheexperiment or in animals with obstructive jaundice (Dawson 1964) . Ischemia alone produces only moderate damage, pigment alone produces none, but a combination produces severe and often lethal renal damage.
Sepsis: Several patients (Lauson et al. 1944) suffered from septic shock. Measurements of renal function in patients suffering from proven septicaemia have confirmed that in septic shock there is considerable depression of renal function and the renal blood flow may fall to below 10 % of the expected normal (Strauch et al. 1967 There is some controversy about the use of a solute diuresis in the prevention of acute renal failure. Dehydrated dogs have been shown to be more susceptible to experimental renal failure, following a standard dose of mercuric chloride, than animals allowed free fluid before the experiment (Haskell et al. 1923) . Clamping of the renal artery of a dog for twenty minutes produced anuria lasting for two hours; whereas dogs given mannitol, sufficient to produce a diuresis, just before such a clamping showed no anuria and a much more rapid return to normal renal function (Selkurt 1945) . In 1961 it was claimed that mannitol could prevent or reduce the incidence of acute renal failure following cross-clamping of the aorta in the surgery of aortic aneurysm (Barry etal. 1961) .
Mannitol is the most convenient solute diuretic because it is a non-toxic 6-carbon sugar alcohol, it is distributed throughout the extracellular fluid only, it is not metabolized and it passes into the glomerular filtrate and is not absorbed by the renal tubules, thus acting as an osmotic diuretic. This effect is reinforced by an increased peritubular blood flow, which follows a decrease in viscosity of the blood due to the movement of water from the red cells to the plasma. The osmotic gradient due to sodium in the renal papilla is washed out and thus the concentration of urine is prevented (Lilien et al. 1963) . In man there is some evidence that the initial phase of oliguric renal failure is reversible (Luke & Kennedy 1967) and that the early administration of mannitol will produce a diuresis and improve tubular function as judged by a rise in the urine/ plasma urea concentration. The rational use of mannitol then follows, because:
(1) The kidney which is concentrating is much more susceptible to damage by ischemia, especially in the presence of circulating pigment, than the kidney which is producing a dilute urine. It may be that the higher oxygen tension of the renal medulla, which occurs during a diuresis, somehow protects the renal tubules. The high flow of dilute urine may prevent the accumulation of toxic concentration of substances, e.g. ammonia, within the tubular lesion (Wickham & Sharma 1965 A convenient regime for the patients at high risk is the following: 500 ml of 10% mannitol is infused, beginning two hours before operation. The urine output is maintained between 0 5 and 1 ml per minute over the next forty-eight hours, using 5% mannitol; this in practice requires between 0 5 and 1 litre of the 5 % solution in each twenty-four-hour period. In the second group of patients, where the risk of renal failure is already present, e.g. major trauma or severe bums, the important thing is to measure the urine flow hourly and, if it falls below 0 5 ml/min, in addition to the urgent restoration of the circulating volume, an infusion of 10% mannitol should be started. 
